Young victims of physical abuse frequently have occult injuries that are not suspected on history or physical examination but are revealed on screening radiologic studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Occult fractures, the most common type of occult injury, are identified on skeletal surveys in approximately one-third of physical abuse victims ,2 years old. 5, 8, 9, 11 Although the majority of fractures discovered on skeletal surveys do not require medical intervention, they are important to the medical and legal evaluation of physical abuse. 1 Identifying patterns of fractures characteristic of inflicted trauma can provide additional data needed to confirm abuse and enable child protective services to better serve the child. Dating of the fractures can provide information regarding timing of injuries and aid in identifying assailants. 1 In addition to using skeletal surveys to identify fractures in children who have injuries that clearly result from abuse, clinicians use skeletal survey data to determine the level of concern for abuse in young children presenting for evaluation of injuries with unclear etiology. 10 Accurately distinguishing abusive from accidental injuries in preverbal children is critical to their safety but can be challenging due to potential unreliability of caregiver histories and limitations of physical examination in this population. Failure of medical providers to recognize and diagnose abuse can result in children suffering complications from undiagnosed injuries and ongoing abuse that can lead to further injuries and death. [12] [13] [14] [15] [16] [17] Thus, a thorough medical evaluation should be performed in young children with injuries suspicious for abuse. 2 Recognizing the importance of screening for occult fractures, the American Academy of Pediatrics recommends performing a skeletal survey in all cases of suspected physical abuse in children ,2 years old. 1, 2 Little is known, however, about the interpretation of these guidelines. The term "suspected" is not defined and might be interpreted differently by clinicians based on medical training, experiences, perceptions of the likelihood of abuse, and relative risks and benefits of skeletal surveys. 10 In addition, the availability to consult with child abuse specialists at an institution might influence screening rates in young injured children. Many children' s hospitals have developed specialized child abuse services; the structure and function of these services, however, vary across hospitals, and their impact on the care provided to victims has not been evaluated. [18] [19] [20] [21] Although previous studies have examined factors influencing the clinical decision to diagnose abuse, [22] [23] [24] [25] [26] less is known about variation in screening practices for occult fractures. Limited data regarding the use of skeletal surveys reveal disparities in the frequency of performing screening based on race and socioeconomic status (SES). [27] [28] [29] [30] Small retrospective reviews and case series also raise concern about missed opportunities to evaluate for abuse. [12] [13] [14] [15] [16] Given concerns about variation in screening for occult fractures and the lack of data regarding this practice, we examined patterns of use of screening radiologic studies for occult fractures in children ,2 years old diagnosed with physical abuse at pediatric hospitals. Building on recent work regarding disparities in evaluation for abuse among infants, 29, 31 we also examined screening practices in infants ,1 year old who had femur fractures or traumatic brain injury (TBI) that were not attributed to a motor vehicle crash. These serious injuries in infants have been associated with a high likelihood of abuse, but there are no clear guidelines or consensus regarding screening in this population. Finally, we examined whether the type of child abuse services available at a hospital was associated with rates of screening for occult fractures.
METHODS

Data Source
We used the Pediatric Health Information System (PHIS), a database of coded diagnostic data from 43 notfor-profit, tertiary care pediatric hospitals in the United States. 32 These hospitals are affiliated with Child Health Corporation of America (Shawnee Mission, KS), a business alliance of freestanding children' s hospitals. Contributing hospitals are located in 17 of the 20 major metropolitan areas and represent 85% of freestanding children' s hospitals in the United States. Hospitals submit discharge/encounter data, including demographic characteristics, diagnoses, and procedures, as well as resource utilization data, to PHIS. Through a joint effort between Child Health Corporation of America, Thomson Reuters (Ann Arbor, MI), and participating hospitals, data are subjected to reliability and validity checks before inclusion in PHIS. Various peerreviewed publications have used PHIS to examine variation in care. [33] [34] [35] [36] [37] [38] We used data from 40 hospitals located in 24 states and the District of Columbia, which contributed inpatient data for at least a 3-year portion of the study period (January 1, 1999-December 31, 2009). Only inpatient cases that contained procedure and/or billing codes were included because these codes provide information about the type and timing of radiologic studies.
Information regarding the type of child abuse services at PHIS hospitals was obtained from a survey conducted by the National Association of Children' s Hospitals and Related Institutions (NACHRI) in 2008. 20 Survey respondents categorized their hospital' s services as 1 of 4 levels based on NACHRI definitions: (1) no services; (2) child abuse services; (3) child abuse team; or (4) child abuse programs. Hospitals with no services refer all suspected cases to other health care institutions whereas hospitals that do have child abuse services provide clinical response to all forms of child maltreatment. To be categorized as having a child abuse team, hospitals must have a dedicated, recognizable team that provides medical, referral, and diagnostic services for child maltreatment and includes a pediatrician, administrative coordinator trained in the field of child abuse, and social work services. Hospitals with child abuse programs have an administrative unit with centralized management that provides assessment, referral and diagnostic services for all forms of maltreatment, and acts as the coordinating entity that connects community agencies involved in child protection with hospital staff and subspecialty services. 20 
Study Population
The 2 study populations were: (1) children ,2 years old who had a diagnosis of physical abuse; and (2) were excluded because the likelihood of abuse and occult fractures is lower among this group than among infants with more severe head injuries. 27, 39, 40 The femur fracture group included infants ,1 year old with a diagnosis of femur fracture (ICD-9-CM 820-821). Given our focus on potential victims of abuse, children with an E-code for transportation accidents (E800-E848) were excluded, as were infants hospitalized following birth. Infants with a diagnosis of brain or lower extremity neoplasm (ICD-9-CM 191.0-191.9 or 170.7) that might have resulted in pathologic fractures or intracranial bleeding were excluded from the infant groups. Infants with a diagnosis of both TBI and femur fracture were categorized into the TBI or femur fracture group based on which injury was imaged first. Infants in the TBI and femur groups could also be included in the physical abuse group.
Study Outcomes
The primary outcome was the performance of screening for occult fractures as determined by the presence of a procedure and/or billing code for a skeletal survey or radionuclide bone scan. In most cases, a skeletal survey is the preferred test for occult fractures but in select cases, radionuclide bone scans can serve as an alternative screening test. 1 
Data Analysis
For each study group (physical abuse, infant TBI, and infant femur), the unadjusted rate of screening for occult fractures was determined for each hospital. Next, we used data on patient demographic characteristics, injury severity, and year of admission to assess how much of the observed variation in screening among infants with TBI and infants with femur fractures can be attributed to differences in case-mix across hospitals and to changes over time. Patient demographic characteristics and injury severity have been associated with likelihood of skeletal surveyperformance in other studies. 28 ). An ICD-9-CMbased Abbreviated Injury Score (ICD/ AIS) that only considered injuries for the head region was calculated for the TBI group and a score that only considered lower extremity injuries was calculated for the femur group. Hospitals were compared by using marginal standardization methods implemented in logistic regression. This method uses the entire sample as the standard population and estimates the proportion of children who received screening for occult fractures by assuming that children were alternatively admitted to each hospital. This method for adjusted analysis has a history of use in survey research. 41, 42 Because American Academy of Pediatrics guidelines recommend screening for occult fractures in all children ,2 years old with a diagnosis of physical abuse regardless of patient demographic and injury characteristics, no adjustment for hospital case-mix was performed for the physical abuse group.
Next, the association between the category of child abuse services available at the hospital and the rate of performance of screening for occult fractures in children diagnosed with physical abuse was analyzed by using logistic regression with variances and confidence intervals (CIs) adjusted for correlation within hospitals. 43 
RESULTS
Study Population
Across the 40 hospitals, 10 170 children ,2 years old were diagnosed with physical abuse. Of the 12 980 infants identified with high-risk injuries for child abuse, 74% had TBI, 23% had femur fractures, and 3% had femur fractures and TBI. Of the 384 infants with both TBI and femur fractures, 359 were categorized as TBI or femur fracture based on which injury was imaged first, and 63 were excluded due to undetermined timing of imaging. The final high-risk TBI group included 9942 infants and the high-risk femur fracture group included 2975 infants.
Information regarding the type of child abuse services in 2008 was identified for 22 of the 40 hospitals; 19 hospitals had a comprehensive child abuse program with centralized administration and 3 had less formalized but dedicated child abuse teams.
Screening for Occult Fractures in Children Diagnosed With Physical Abuse
Screening was performed in 83% of children ,2 years old diagnosed with physical abuse (Table 1 ). The rate of screening varied significantly across the 40 hospitals, from 55% (95% CI: 24-85) to 93% (95% CI: 89-97) (P , .001) and increased over time, from 79% (95% CI: 76-82) in 1999 to 85% (95% CI: 83-87) in 2009 (P , .001) (Fig 1) . 
Screening for Occult Fractures in Infants With High-Risk Injuries
Screening was performed in 68% (95% CI: 68-69) of infants who had TBI and 77% (95% CI: 76-79) of infants with femur fractures. Variation in screening across hospitals was significant among both groups (P , .001). Unadjusted rates of screening at hospitals varied from 38% (95% CI: 30-45) to 88% (95% CI: 82-94) among infants with TBI and from 41% (95% CI: [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] to 94% (95% CI: 88-100) among infants with femur fractures. After adjustment for patient demographic characteristics, injury severity, and year of admission, there was still significant variation in the proportion of infants with TBI and femur fractures who had screening for occult fractures (P , .001). After adjustment, screening ranged from 44% (95% CI: 36-51) to 86% (95% CI: 79-93) for infants who had TBI and from 44% (95% CI: 37-52) to 94% (95% CI: 87-100) for infants who had femur fractures (Figs 2 and 3) .
Diagnosis of Abuse Among Infants With TBI and Femur Fractures
A diagnosis of physical abuse was made in 40% of infants who had TBI and 35% of infants who had femur fractures. Among the subset of infants with TBI a Sixty-three infants with both TBI and femur fractures were excluded due to undetermined timing of imaging. b Injury severity scores were categorized as mild (1-2), moderate (3), or severe (4-6). Scores for the head region ranged from 1 to 6; scores for the lower extremities ranged from 1 to 4.
who underwent a skeletal survey, the rate of diagnosis of abuse increased to 53%. Only 12% of infants with TBI who did not undergo a skeletal survey were diagnosed as abused. A diagnosis of abuse was made in 41% of femur fracture cases that received a skeletal survey and 17% of cases without a skeletal survey.
DISCUSSION
The results from this study highlight the finding that adherence to guidelines for screening for occult fractures in young children diagnosed with physical abuse varies substantially among pediatric institutions, with .90% of children undergoing screening at some hospitals and ,70% of children receiving screening at other hospitals. The low rate of screening at some institutions underscores an opportunity to improve quality of care because imaging would be expected to reveal occult fractures in one-third of these children. 4, 5, 8, 9 Even greater variation in screening for occult fractures was noted among infants who had TBI and femur fractures, injuries associated with a high likelihood of abuse. Previous estimates of the rate of diagnosis of abuse among infants with femur factures range from 30% to 70% but might be higher if motor vehicle crash-related injuries are excluded and if cases of probable but not definite abuse are included. [45] [46] [47] Similarly, the reported rate of diagnosis of abuse among infants who have TBI ranges from 33% to 95%. 29, 39, 46, 48 The high rate of diagnosed abuse among infants who have femur fractures or TBI could imply the need for universal screening for occult fractures in these populations. Another argument could be made, however, that not all infants who have these injuries require a skeletal survey and that individual case characteristics should be considered when determining if there is sufficient suspicion for abuse to warrant a skeletal survey. For instance, the likelihood that a femur fracture resulted from abuse might be lower in older infants who are beginning to ambulate than in younger infants. Also, although race and SES should not influence the clinical decision to perform an evaluation for abuse, studies have shown that black infants and infants from lower SES groups are more likely to be evaluated for abuse than white infants and infants from higher SES groups. 13, 22, [27] [28] [29] 49 Thus, for reasons that are either warranted (4) child abuse programs. 19 All remaining hospitals were included in unknown/ other category.
FIGURE 2
Variation in screening for occult fractures in infants who had TBI. Results were generated from logistic regression analysis using marginal standardization, adjusting for age, insurance, gender, year of admission, and severity of TBI based on the ICD-9-CM/AIS score for the head region.
or unwarranted, rates of skeletal survey use across hospitals might be expected to vary based on characteristics of patients presenting to those hospitals.
Our results, however, demonstrated that after adjusting for differences in patient age, race, insurance status, injury severity, and year of admission, rates of screening still varied by almost twofold among infants who had TBI and by more than twofold among infants who had femur fractures.
Reasons for the observed variation in skeletal survey performance at pediatric hospitals are unknown. The decision to screen for occult fractures is likely complex and not dependent solely on patient characteristics. Studies have suggested that physician-level factors, including medical specialty, education, attitudes, and experiences, might influence the decision to consider and diagnose abuse, but such studies have not focused on screening for occult fractures. [22] [23] [24] [25] [26] Variation in perceived risk of abuse associated with TBI and femur fractures might also contribute to the variation in rates of skeletal surveys noted in our study. Hospitallevel factors including availability and accessibility of child abuse consultants, abuse-specific hospital protocols, 30 and availability of technical resources might also contribute to variability in screening practices. Although the type of child abuse services was only identified for a subset of hospitals, analysis indicated that adherence to screening recommendations was higher at hospitals with comprehensive child abuse programs than at other institutions. The development and implementation of detailed clinical guidelines to aid clinicians in identifying cases that require screening for occult injuries might reduce disparities in screening. At 1 institution, racial and socioeconomic disparities in skeletal survey use in young children with TBI were eliminated after the implementation of screening guidelines in that population. 30 However, it is evident from examples in other areas of medicine [50] [51] [52] that simply developing guidelines is not sufficient to standardize care and improve quality. Barriers and factors that facilitate adherence to guidelines must also be examined.
Our study has limitations. First, the study relied on coded diagnostic data, which might be subject to inaccuracies in coding. Second, information regarding evaluations performed before or after hospitalization at PHIS institutions was not available. Thus, in some cases, children might have had screening performed at another hospital or in the outpatient setting that appropriately might not have been repeated. Third, additional patient-level factors including caregiver histories and other clinical details were unavailable in the PHIS database. These factors might have influenced the decision to perform a skeletal survey among injured children. Finally, although the type of child abuse services at PHIS hospitals was associated with adherence to screening recommendations, our sample only included a few hospitals without comprehensive child abuse programs. Multiple factors might affect the effectiveness and quality of child abuse services at these hospitals that are not adequately captured by using NACHRI classifications.
CONCLUSIONS
The observed variation in screening for occult fractures in young victims of physical abuse and infants who have injuries that carry a high likelihood of abuse illustrates the finding that uniform adoption of practice guidelines for screening has not occurred across major children' s hospitals. Such variation highlights an opportunity to improve the quality of care for child victims and potentially decrease the risk that abuse cases might be missed, thereby enabling protection of children at risk for ongoing harm. A clear understanding of factors that promote and prevent screening is vital for the development of effective physician-level and hospital-level interventions to enhance screening practices, improve detection and diagnosis of abuse, and decrease disparities.
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FIGURE 3
Variation in screening for occult fractures in infants who had femur fractures. Results were generated from logistic regression analysis by using marginal standardization, adjusting for age, insurance, gender, year of admission, and severity of the femur fracture based on the ICD-9-CM/AIS score for the lower extremities.
